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WREHVROYHGDQGWKHSURFHVVRIMRLQLQJKDVWREHFODULILHG
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RIMRLQLQJVSHHGDQGVXUIDFHSUHSDUDWLRQWKHDXWKRUVDOVRH[DPLQHGWKHHIIHFWRISXOVHSDUDPHWHUVLQFDVHRISXOVH
PRGH1G<$*ODVHUVRXUFHZKLFKPD\LQIOXHQFHSODVWLFPDWHULDOSURSHUWLHVDQGWKHUHIRUHMRLQWTXDOLW\
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([SHULPHQWV
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 ODVHUSXOVHVKDSHV )LJ IRFDOVSRWGLDPHWHUVDQGPRYHPHQWVSHHGV
ZHUHXVHG LQ WKHH[SHULPHQWVZKLFKDUH OLVWHG LQ7DEOH(DFKVHWWLQJZDV UHSHDWHG WLPHV'XULQJ WKH MRLQLQJ
SURFHVVOPLQDUJRQVKLHOGLQJJDVZDVDSSOLHG

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7DEOH6HWWLQJVRIH[SHULPHQWV
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GXUDWLRQ
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6HWWLQJ EODVWHG    
6HWWLQJ EODVWHG    
6HWWLQJ EODVWHG    
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5HVXOWV
3.1. Effect of the surface treatment 
)URP WKH OLWHUDWXUH DQG RXU HDUOLHU LQYHVWLJDWLRQ WKH LPSRUWDQFH RI WKH VXUIDFH SUHSDUDWLRQ LV ZHOO NQRZQ
7KHUHIRUHLQRXUUHVHDUFKVHWWLQJVWKHVXUIDFHEDVLFDOO\ZDVPRGLILHGLQRUGHUWRHQKDQFHWKHPHFKDQLFDODGKHVLRQ
7KHVDQGEODVWLQJWHFKQRORJ\ZDVDSSOLHG7RFODULI\WKHLPSDFWRIWKHVXUIDFHWUHDWPHQWFRQWUROMRLQWVZHUHFUHDWHG
EXWPRVWRIWKHVHWWLQJVZHUHFDUULHGRXWZLWKDVDQGEODVWHGVXUIDFH7KHURXJKVXUIDFHLQFUHDVHGWKHVXUIDFHVL]HRI
WKHVWHHOVDPSOHLPSURYLQJWKHSRVVLELOLW\RIPLFURPHFKDQLFDODGKHVLRQDQGLQFUHDVLQJWKHDEVRUSWLRQRIWKHODVHU
RQWKHVXUIDFHRIWKHVWHHOVKHHW7KHW\SLFDOWRSYLHZRIWKHMRLQWFDQEHVHHQLQ)LJLQFDVHRIUROOHGVXUIDFHDV
UHFHLYHG DQG WKH VDQG EODVWHG VXUIDFH 2Q )LJ  F WKH WZR ERQGHG DUHDV FDQ EH FRPSDUHG  UROOHG  VDQG
EODVWHG
%DVLFDOO\WKHWHDULQJIRUFHRIWKHVHW\SHVRIMRLQWVGHSHQGVRQVSHFLILFDGKHVLRQDQGWKHVL]HRIWKHMRLQW6SHFLILF
DGKHVLRQLVQRWXQLIRUPZLWKLQWKHVHDP,WKDVDVSHFLDOGLVWULEXWLRQDVWKHODVHUKDVD*DXVVLDQGLVWULEXWLRQDQGWKH
PDWHULDOV KDYH GLIIHUHQW WKHUPDO SURSHUWLHV 7KXV WKHUH LV D FHUWDLQ WHPSHUDWXUH GLVWULEXWLRQ EHWZHHQ WKH FRQWDFW
VXUIDFHV ,Q RXU FDVH WKH PD[LPDO WHPSHUDWXUH LV LQ WKH PLGGOH OLQH RI WKH VHDP DQG IURP WKH PLGGOH OLQH WKH
WHPSHUDWXUHLVGHFUHDVLQJPRQRWRQRXVO\7KHVWUXFWXUHRIWKHEXEEOHVRQWKHWRSYLHZSURYHVWKDWSKHQRPHQRQ,Q
WKHFHQWHUOLQHRIWKHVHDPWKHSODVWLFLVRYHUKHDWHG$VWURQJEXEEOHIRUPDWLRQRFFXUV0HDQZKLOHDWWKHHGJHVRI
WKHVHDPGXHWRWKHORZHUWHPSHUDWXUHWKHTXDQWLW\RIWKHEXEEOHVLVORZHUDQGWKHDGKHVLRQLVGLIIHUHQW7KHVHDUH
UHSUHVHQWHGLQ)LJEZLWKWKHGDUNDQGWKHOLJKWJUD\DUHDV


)LJ7KHWRSYLHZRIWKHMRLQWDVHWWLQJEVHWWLQJFFRPSDULQJWKHFRQWRXURIWKHERQGHGDUHDV
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7KHVL]HRIWKHVHDPDUHDKDVDOVRDQHIIHFWRQWKHPD[LPDOWHDULQJIRUFHEXWEHFDXVHRIWKHGLVVLPLODUDGKHVLRQ
LQWKLVDUHDWKHVL]HRIWKHVHDPGRHVQRWDOZD\VFRUUHODWHZLWKWKHYDOXHRIWKHWHDULQJIRUFH)URPWKHFRPSDULVRQ
RIWKHWZRVHDPDUHDVLWFDQEHVHHQWKHVDQGEODVWHGVKHHWKDVDQDSSUR[LPDWHO\ELJJHUVHDPDUHDDVFRPSDUHG
WRWKHVDPSOHZLWKUROOHGVXUIDFH
7KHPD[LPDOWHDULQJIRUFHVFDQEHVHHQLQ)LJ7KHUHFHLYHGYDOXHVSURYHGWKHRULJLQDOK\SRWKHVLVDERXWWKH
UROHRIWKHVXUIDFHURXJKLQJ7KHPD[LPDOWHDULQJIRUFHLQFDVHRIWKHUROOHGVXUIDFHLV1,QFDVHRIVDQGEODVWHG
VWHHO VXUIDFHV LW LV17KXV WKHVH MRLQWV DUHDOPRVW WLPHV VWURQJHU7KH LQFUHDVHGVL]HRI WKH VDQGEODVWHG
VHDPGRHVQRWLQGLFDWHVXFKDKLJKLQFUHDVHGVWUHQJWKWKHUHIRUHWKHVSHFLILFDGKHVLRQYDOXHPLJKWEHKLJKHUDQGRU
WKHGLVWULEXWLRQRIVSHFLILFDGKHVLRQLVPRUHIDYRUDEOH

)LJ7KHHIIHFWRIVXUIDFHWUHDWPHQWRIWKHWHDULQJIRUFHVHWWLQJVDQG
6XPPDUL]LQJ WKH HIIHFW RI WKH VXUIDFH WUHDWPHQW WKH WHQGHQF\ RI WKH FKDQJH LV LQ OLQH ZLWK RXU HDUOLHU
H[SHFWDWLRQVEXWWKHUDWHLVKLJKHUWKDQZHH[SHFWHGLQWKHVHVHWWLQJV7KHUHIRUHLQRUGHUWRPD[LPL]HWKHWRUTXHLQ
WKHIXUWKHUVHWWLQJVWKHVDQGEODVWHGVXUIDFHWUHDWPHQWVZHUHDSSOLHG
3.2. Effect of the laser spot size 
7KHVHFRQGHIIHFWZDVWKHVL]HRIWKHODVHUVSRWZKLFKZDVLQYHVWLJDWHG7KHK\SRWKHVLVZDVWKDWLIWKHDUHDRIWKH
VHDPLVKLJKHUDQGWKHVSHFLILFDGKHVLRQLVVLPLODUWKHWHDULQJIRUFHZRXOGEHKLJKHUWRR%XWLQFDVHRIWKHVDPH
ODVHUSRZHUDQGVSHHGVVHWWLQJV WKH WHPSHUDWXUHGLVWULEXWLRQDQG WKXV WKHVSHFLILFDGKHVLRQZLOODOVREHGLIIHUHQW
DQGLWFRXOGHLWKHULQFUHDVHRUORZHULQJWKHWHDULQJIRUFHGHSHQGLQJRQWKHLQLWLDOVLWXDWLRQ,QWKLVSDUWRIUHVHDUFK
ZHGHWHUPLQHGWKHHIIHFWRIVSRWVL]HZLWKWKHVDPHSRZHUDQGVSHHGSDUDPHWHUV7KHWRSYLHZRIWKHVHDPFDQEH
VHHQLQ)LJLQFDVHRIVHWWLQJVDQG


)LJ7KHWRSYLHZRIWKHERQGHGDUHDVDVHWWLQJEVHWWLQJFVHWWLQJGVHWWLQJ
 Andor Bauernhuber et al. /  Physics Procedia  83 ( 2016 )  1094 – 1101 1099
7KHILJXUHVKRZVWKDWWKHZLGWKRIWKHVHDPLVGLIIHUHQWLQWKHGLUHFWLRQRIPRYHPHQWIURPVWDUWWRWKHHQG7KH
DYHUDJHZLGWKDWWKHKDOIRIWKHOHQJWKVKRZVWKDWWKHZLGWKLQFUHDVHVE\PPIURPPPWRPPVSRWVL]H
$WPPVSRWVL]HWKHVHDPZLGWKVWDUWVWRGHFUHDVH7KHUHVXOWRIWKHWHDULQJFDQEHVHHQLQ)LJ


)LJ7KHHIIHFWRIWKHODVHUVSRWVL]HRQWKHWHDULQJIRUFHVHWWLQJV
7KH YDOXHV LQGLFDWH WKDW ZLWK DQ LQFUHDVLQJ VSRW VL]H WKH PD[LPDO WHDULQJ IRUFH GHFUHDVHV 7KHUHIRUH VSHFLILF
DGKHVLRQZDVWKHGRPLQDQWHIIHFWLQWKHVHVHWWLQJV7KHUHLVPRUHWKDQUHGXFWLRQLQWKHVWUHQJWKEHWZHHQWKH
PPDQGPPVSRWVL]HGHVSLWHRIWKHVSRWFURVVVHFWLRQWKXVWKHODVHUSRZHUGHQVLW\LQFUHDVHGPRUHWKDQWLPHV
KLJKHU
3.3. Effect of the laser pulse shape and speed 
)URPRXUHDUOLHUWUDQVSDUHQF\LQYHVWLJDWLRQLQFDVHRISODVWLFVLW LVFOHDUWKDWWKHSODVWLFPDWHULDOKDVDPD[LPDO
SRZHUGHQVLW\DQGLQWHUDFWLRQWLPHZKHUHWKHGHJUDGDWLRQLVLQGLFDWLQJVR,QFDVHRISXOVHPRGHODVHULWLVSRVVLEOH
WR JLYH RXW IRU H[DPSOH : DQG  - SXOVH HQHUJ\ZLWK GLIIHUHQW SXOVH VKDSHV SHDN SXOVH SRZHUV DQG SXOVH
GXUDWLRQV,QFDVHRISLQWRSODWHMRLQWVLWZDVSURYHGWKDWWKHSXOVHVKDSHKDVDKLJKLPSDFWRQWKHVXFFHVVRIMRLQW
FUHDWLRQ$QLPSURSHUSXOVHVKDSHFRXOGKLQGHUWKHFUHDWLRQRIWKHMRLQWE\WKHVDPHVSRWVL]HDYHUDJHSRZHUDQG
ODVHUSXOVHHQHUJ\7KHUHIRUHZHLQYHVWLJDWHGWKHHIIHFWRIWKHSXOVHVKDSHLQFDVHRIVKHHWWRVKHHW/$03MRLQWVWRR
2WKHUIDFWRUYLWDOLQODVHUWHFKQRORJ\ZKLFKLQIOXHQFHVWKHLQWHUDFWLRQWLPHDQGVRWKHKHDWLQJWLPHDVZHOOLVWKH
VSHHGRIWKHVSRW,QWKLVFDVHZHYDULHGWKHVSHHGDVEDVHGRQWKHSUHH[SHULPHQWDQGWKXVDQGPPLQZHUH
DSSOLHG
7KHUHVXOWRIWKHPD[LPDOWHDULQJIRUFHDJDLQVWWKHSHDNSXOVHSRZHULQFDVHRIGLIIHUHQWPRYHPHQWVSHHGVFDQEH
VHHQLQ)LJ
1100   Andor Bauernhuber et al. /  Physics Procedia  83 ( 2016 )  1094 – 1101 

)LJ7KHHIIHFWRIODVHUSXOVHVKDSHDQGWKHVSRWVSHHGRQWKHWHDULQJIRUFHRIWKHMRLQW
,WFDQEHVHHQIURPWKHUHVXOWVWKDWIURPWKHWZRHIIHFWVVSHHGKDVDKLJKHULQIOXHQFH7KHKLJKHUVSHHGFDXVHGD
ORZHUWHDULQJIRUFHMXVWDVH[SHFWHG,QWKLVFDVHWKHVSHHGZDVLQFUHDVHGE\DQGWKHWHDULQJIRUFHGHFUHDVHG
LQDUDQJHEHWZHHQWR7KLVUDWLRFDQEHH[SODLQHGE\WKHOLQHDUFKDQJHLQWKHLQWHUDFWLRQWLPHVGHSHQGLQJ
IURPWKHVSHHGV
7KHUHVXOWVDOVRVKRZWKDWWKHSXOVHVKDSHKDVDOVRDQHIIHFWRQWKHWHDULQJIRUFH,QFDVHRIDVSHHGRIPPLQ
DQGSHDNSXOVHSRZHURI:WKHUHVXOWVFDQQRWEHH[SODLQHGE\WKHSXOVHVKDSH7KHUHIRUHLIZHFRPSDUHWKH
ELJJHVWGLIIHUHQFHVRQSXOVHVKDSHWKHORZHUSHDNSXOVHSRZHUDQGORQJHUSXOVHGXUDWLRQZHUHDEOHWRLQFUHDVHWKH
VWUHQJWKEHWZHHQDQG
7KHW\SLFDOIDLOXUHPRGHVDUHLOOXVWUDWHGLQ)LJ7KHMRLQWIDLOXUHFRXOGEHFDXVHGE\SXUHWHDULQJEHWZHHQWKH
LQWHUIDFLDO VXUIDFHV ,Q WKLV FDVH MXVW D VPDOO DPRXQWRI WKHSODVWLF UHPDLQVRQ WKH VXUIDFHRI WKH VWHHO7KHRWKHU
PRGHRIIDLOXUHLVZKHQWKHSODVWLFVKHHWLVEURNHQDQGWKH300$SDUWVSOLWVXSLQWRWZRSDUWV2QHRIWKHPUHPDLQV
ERQGHGWRWKHVWHHOVDPSOHDQGWKHRWKHUSDUWLVGHWDFKHG7KHVHFRQGW\SHRIWHDULQJZDVGHWHFWHGMXVWDERYH1
FRQVLGHULQJDOORIWKHVHWWLQJV,QWKLVFDVHWKHWRUQVXUIDFHDOZD\VSDVVHGWKURXJKWKHVHDP7KLVFRXOGEHFDXVHGE\
LQQHUFUDFNVEXWWKLVSKHQRPHQRQQHHGVIXUWKHULQYHVWLJDWLRQ
 
)LJ7KHWRSYLHZVRIWKHERQGHGDUHDVLQFDVHRIGLIIHUHQWWHDULQJIDLOXUHPRGHVDSXUHWHDULQJEEUHDNLQJ

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&RQFOXVLRQV
)URP WKH UHVXOWV RI WKLV UHVHDUFK UHJDUGLQJ WKH WHDULQJ FKDUDFWHULVWLFV RI WKH VWUXFWXUDO VWHHO DQG 300$ VKHHW
/$03MRLQWVZLWKSXOVHPRGH66/ODVHUZHFDQFRQFOXGHWKHIROORZLQJ
x WKHVXUIDFHSUHSDUDWLRQVDQGEODVWLQJLVDEOHWRPXOWLSO\WKHVWUHQJWKWLPHVGXHWRWKHKLJKHUODVHUDEVRUSWLRQ
WKHKLJKHUVHDPDUHDDQGWKHEHWWHUPHFKDQLFDODGKHVLRQEHWZHHQWKHSODVWLFDQGWKHVWHHOVXUIDFHV
x DWWKHVDPHODVHUSRZHUSDUDPHWHUVDQGPRYHPHQWVSHHGWKHKLJKHUVSRWVL]HGHFUHDVHVWKHWHDULQJIRUFHEXWZLWK
DORZHUUDWHWKDQWKDWRISRZHUGHQVLW\LVGHFUHDVHG
x WKHVORZHUVSHHGRIVSRWPRYHPHQWLQFUHDVLQJWKHVWUHQJWKRIWKHMRLQWDQGWKHUDWLRRIVWUHQJWKLQFUHDVLQJLV
VLPLODUWRWKHUDWLRRIVSHHGLQFUHDVLQJ
x WKHSXOVHVKDSHKDVDQHIIHFWLQFDVHRIWKHVDPHDYHUDJHSRZHUDQGSXOVHHQHUJ\,WZDVSRVVLEOHWRLQFUHDVHWKH
VWUHQJWKRIWKHMRLQWE\DSSO\LQJDSURSHUSXOVHVKDSHORZHUSHDNSRZHUDQGORQJHUSXOVHGXUDWLRQ
x WKHWRUQVDPSOHVVKRZHGWZRIDLOXUHVPRGHVDIWHUWKHWHDULQJWHVWSXUHWHDULQJEHWZHHQWKHLQWHUIDFLDOVXUIDFHV
DQGWKHEUHDNDJHRISODVWLFPDWHULDOWKURXJKWKHVHDP7KHEUHDNDJHZDVGHWHFWHGDWWKHKLJKHUIRUFHYDOXHV
$FNQRZOHGJHPHQWV
7KH DXWKRUVZDQW WR H[SUHVV WKHLU WKDQNV IRU WKH ILQDQFLDO VXSSRUW WR WKH+XQJDULDQ 6FLHQWLILF5HVHDUFK )XQG
27.$JUDQW1R.DQGIRU'U=ROWiQ.LVV
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